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ABSTRACT 


Tha Einstein Observatory Imaging Proportional Counter has been used to 
search for X-ray emission from nine nearby hiatoricaX novae. SiK of the novae 
have been detected with estimated X-ray intensities between .1-4 keV of 


10 ’ 


‘13 


j^Q-ll et‘gs/cm^-S, comparable to the tnitenaities of previously detected 


cataclysmic variables. The X-ray Intensity of one of the novae^ V603 Aql, a 
varies oyer timos^^of several hundred seconds. The data suggest a correlation 
between the decay rate of tbe historical outburst muf the current X-ray 
luminosity. Alternatively, the X-ray luminosity may be related to the 
inclination of the binary system. 
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1. INTRODUCTION 


Claaslcftl novae ace a aubaet of cacaelyawic blnacy ayateras whoae defining 


chacactiriatlcB ace baaed on bheic ecuptlye behavior (for review aee 
Payhe-GapoBcUkin 1957, Gallagher and Starrfield 1978), Detailed studiea of )\ 
classical nova binary systems, both before and after outburst, show they are 
qualitatively similar to other cataclysmic binary systema such as dwarf 
novae. It is now accepted that these phenomena are the result of mass 
transfer from a late-type companion onto a white dwarf through an accretion 
di^, K-ray emission is expected from the release of gravitational energy 
from material falling ont®'’tha surface of the white dwarf. K-ray emission has 
been detected previously from several dwarf novae, nova-like objects, and one 
classical nova (Cordova, Mason and Ifjelson 1980 and references therein). In 
light of soma of these obseryations as wall as the prediction of X-ray 


emlBsion from classical novae (tylenda 1977), a survey of nearby classical 
novae was undertaken* 

^ \ 

II. THE EXPERIMENT AND THE 8URVEY o 

\ 

The observations were made with the imaging propO|ytional counter (IPC) on 
t)ie Einstein Observatory. A detailed description of the IPC can be found in 
Giacconi et al. (1979). To sumntarize, the IPG produces an X-ray image of 
a 1 sq.,, deg. field with - 1 arc min angular resolution. The image is sorted 

into 8 pixels. After determining the intensity of the non-X-ray background 

'] —Jr 

for a given observation, localised variations above this background are 
analyzed for statistical significance and spatial distribution.^ Each event 
detected by the IPC undergoes a pulse height analysis so that in principle the 
energy spectrum £^of each detected source_,c».n==bc -estimated. In addition, each 
X-ray event is time tagged so that variability of the X-ray intensity can be 
studied. 

* % 

For the pur|.qise of this survey, nine nearby classical novae were selected 

, ■' 

from the catalog compiled in Payne-Gaposchkln (1957). These are listed in 

0 


Table I along with the date of each obsaEvatlon and the aatlmated distance to 
each ayatettt* This ancvey Is hot cowpleta and the Individual objacta do not 
wake up a homoganeoua class of novae* Since chaca has been vecy little 
information availabla on the X-ray behavior of classical novae, the primary 
purpose of chasa observations was to provide some indications for future lines 
of research. 

Bach obj^^as c^jaerved for 1-3 x 10^ sec without regard to binary 
pUtsa. In light of tht nature of cataclysmic vartablaa* all these data should 
be cottsidorad aa sn^jsbots of what may" be highly variable behavior. 

III. 

The averaged X-rny properties for each of the nine novae, i.e. tlie X-ray 

// 

{^) 

position if detected and the measured counting rata or 2o upper limit are 
given in Table 1. Six of the nine objects have bean positively detected, both 
on the basis of positional coincidence with the optical nox«f and a 
statistically significant counting rate. Upper limits for the remaining three 
sources ha ve^ been calculated by summing the counts at the optical novae 
position. 

o All of the detected sources have been examined for time variability and 
spatial extent, although only two objects, GX far and V603 Agl, provided 
enough photons for meaningful analysis. The light curve for V603 Aql Is showl 
in figure 1. The uova" V603 Aql appears to have experieuced a short-lived 
flare lasting - 200 s during which the X-ray intensity doubled. The inteusity 
of GK Per remained constant throughout its observation. All the X-ray Images 

f! 

were consistent with that of a point sourc<|. 

The tiwe-averagid spectra for each source was also examined. All tlve 
spectra were relatively hard. The calculated hardness ratio (counts above 
0.55 keV to counts below 0,55) ranged from 2.2 d; .9 for PR. Pic to >23 for 
GX Per, similar to values determined by Cordova at al. (1980) for other 

" J ^ (f 

cataclysmic variables in general and GK Per specif lcal3^. A spectral form 
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must be adopted lo otdop to convert IPC eta into an X-ray Intonaity. Since 
the data are consistent with a bard thermal cowponent aa observed In other 
cataclysmic variables (Swank 1979, /^rdova and Mogler 1979) we will assume a 
nominal 10 keV thermal bremastralilung spectrum with *• I x 10^^ cm"^, as was 
done by Cordova at alt (1980) in her study of cacaclysmie variables. As 

Cordova pointed out'i; the derived X-ray^'^ntonsltles art relatively^lrtsenaltive 

' ' ' (,“• 

to these asauraptiona. The intensities are given in Ta^le 1. 

IV, DISCUSSION 

With a sample of U old novae (includes observations of DQ Her and V533 
Her from Cordova et al. (1980)) it is feasible to attempt to correlate with 
other observables. Cordova 11, (l>80) has suggested that the lack of X-ray 
emission from DQ Her may be^ geometric effect from the high incUnatipu of 
the binary system. Indeed* two'othar old nova systems^ T Ayr imd M 
high inclination systems (Walker 1963, Vogt 197S) and they too are at best 
weak X-ray emitters; while the low inclination system V603 Aql (Kraft 1964) is 
one of the most luminous, (However, w© note that recent observations by 
Boggess et al, 1980 Indicate V603 Aql may actually be an eclipsing system.) 
Additional determinations of i are needed to strengthen this possible 
correlation between Ij* and inclination, lambert et al. (1980) has suggested 

that i of a nova system is strongly correlated with ^he nature of the UV 

f 

spectra of cataclysmic variables in general and old novae in particular, 
supporting the likelihood that geometric effects could be very toportant. 

Cordova et al. (1980) noted that the only two old nova which pulse 
optically, DQ Her (Walker 1956) and V533 Her (Patterson 1979), both lack X-ray 
emission. Assuming that the pulsations are indicative of high magnetic 
fields, it is possible that X-ray emissio^ is being suppressed in favor of 
cyclotron radiation (Lamb and Masters 1980), If so, then L^ may be pn 
indicator of the white dwarf magnetic field. 

We have found an additional parameterii the speed class of the nova 
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outbatsCi which appcarg to covcelato with hXt ftv^Flguto 2» we have plotted 
the rate of decay of the nova outbutat va* 1 »k fot the ten old novae foi* which 
this is known. We find that the fouc most luminous old novae wata all '’fast’* 
novae, while those old novae with the severest upper limits were all “slow'* 
novae. If this apparent correlation is trusi then hx is the first obsarvable 
quantity in post-outburst novae which "pcodlcta" (after the fact) the speed of 
the nova outburst. 

Qualitatively, the optical light curves of all novae are similar. 
Quantitatively, the light curves show significant differences in the rate of 
decrease following maximum, i.e., th^ speed of the outburst. Calculations 
based on hydrodynamic models for, novae indicate that the speed of the outburst 
dageada an hath the CNQ Ab und ance in the wMta dwarf (gnarka# Staifkfieldt and 

Iruran 1978) and the mass of tli® white dwarf envelope (Taam and Faulkner 

0 

1975). In the first case, Sparks et al. found that higher GNO abundances 
resulted In faster nova outbursts. Taam and Faulkner fovjnd that lower 
envelope mass at the time, of the outburst also led to faster outbursts. More 
recently, Shara, Prialnik, and Shavlv carried out cale.ulabions varying both 

o 

GNO abundances and envelope masses, and came to the same conclusion for GNO 

o 

abundances near solar and envelope masses from IQ”^ to 10’“^ aolari 

'iV o 

masses. These results have ahom\ how the speed of the nova depends on the,, 
condition of the envelope at bhe time of the outburst. 

The correlation between and outburst speed therefore relates the 
envelope at outburst to the X-ray emission between outbursts* Pringle and 
Savonii® (1978) have shown that for a given white dwarf mass and radius, is 
approximately proportional to the accretion rate until the accretion rate la 

so large that this system becomes optically thick for X-rays* Thus for a group^'^z 

*i ' 

of novae, 0^^ should he correlated with the accretion rate. In this context, 
we note that Taam (1977) showed that higher accretion rates onto the white 
dwarf lead to tt- higher envelope temperature and hence to a "premature" 


0 




theinnonucleatf tuhaway and therefore a lower envelope mass at the moment of 
Outburst* Similarly, Starrfield and Sparks (1979) have eompared the interval 
between outbursts to the diffusion time of heavy elements in the white dwarf 

VN, 

envelope and concluded that high accretion rates will lead to higher CNO 
abundances at the time of outbursts. In effectf, higher accretion rates result 

Cj ' ’ 

in the conditions hypothenjife^fb ranult in fast novae* '• 

In summary, this X-ray survey of old novae suggests several lines of 
inquiry. There)'|Cs some support for correlations between Lx and both the 

W' 

inclination of the binary system and the speed class of the nova outburst* 
Currently* the inclination of most old nova systems is unknown and further 

optical observations qould help conflm or deny tlie cu*. relation with- 

inclination* Secondly, the X-ray survey should be extended to additional old 
novae, again with the aim to confirm or deny either of the suggested 


correlations. A correlation between Lx and novae speed class would „ha 




/ - 


>x_ ■ 


support!^ of models for novae outbursts' which relate accretion rates with the 
no^/ae'""hpeed class. 

We wish to thank Jean Swank and Ron Taam for useful discussions. We 

li 

thank F.R. Hamden for discussions concerning IPG analysis software. Special 
thanks go to Dr. Joseph Ashbrook for providing his unpublished light curve for 
CK Vul. - 
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TABLE 1 . X-mY SlRfey OF dPTICAL NOVAE 
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FIGURE CAPTIONS 


Flgura l - X-F«y light curva for clasilcal nova® V603 Aql from t^C 
obBorvatloiis# 


Figuiee 2 - Currant X-ray luminosity vs, historical rate of declina for 
classical novae.^, Values for decline rates cora® from Payne-Gaposchkin (1957) 
.0. V533 ... CK vux 0„ 

from Chincarinl (1964) and Josepp Ashbrook (private coinmunleation) 
ceapectively , Upper limits to lit for OQ Her and V533 Her ore from Cordova et 
al. (1980). ' 
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